We conducted a matched case-control study to determine risk factors for the development of prosthetic joint infection. Cases were patients with prosthetic hip or knee joint infection. Controls were patients who underwent total hip or knee arthroplasty and did not develop prosthetic joint infection. A multiple logistic regression model indicated that risk factors for prosthetic joint infection were the development of a surgical site infection not involving the prosthesis (odds ratio [OR], 35.9; 95% confidence interval [CI], 8.3 -154.6), a National Nosocomial Infections Surveillance (NNIS) System surgical patient risk index score of 1 (OR, 1.7; 95% CI, 1.2 -2.3) or 2 (OR, 3.9; 95% CI, 2.0 -7.5), the presence of a malignancy (OR, 3.1; 95% CI, 1.3 -7. 2), and a history of joint arthroplasty (OR, 2.0; 95% CI, 1.4 -3.0). Our findings suggest that a surgical site infection not involving the joint prosthesis, an NNIS System surgical patient risk index score of 1 or 2, the presence of a malignancy, and a history of a joint arthroplasty are associated with an increased risk of prosthetic joint infection.
Although prosthetic joint infection is rare following the esticontrol study to identify patient populations at increased risk of prosthetic joint infection. mated 430,000 total hip arthroplasty (THA) and total knee arthroplasty (TKA) procedures performed in the United States each year [1 -9] , it remains one of the major complications Methods that may lead to prosthesis removal or loss of function and is associated with a mortality rate of 2.7% -18% [10, 11] . Treat-
Patient Population ment often requires removal of the infected prosthesis and
The Mayo Clinic (Rochester, MN) is a tertiary care academic prolonged intravenous antimicrobial therapy. The cost of each medical center in the upper Midwest of the United States; episode is estimated to be ú$50,000 [12] . Prevention of pros-ú340,000 patients per year are cared for at this center. The study thetic joint infection includes augmentation of the host repopulation consisted of all patients without a history of prosthetic sponse, optimizing the wound environment, and reduction of joint infection who had a THA or TKA implanted at the Mayo bacterial deposition into the wound in the preoperative, intraopClinic between 1 January 1969 and 31 December 1991. erative, and postoperative periods [13] .
Cases of prosthetic joint infection at the Mayo Clinic were Investigators have attempted to define characteristics that identified by using the total joint arthroplasty registry [19] , predispose patients to prosthetic joint infection by using formal the master diagnostic index [20] , and clinical microbiology epidemiological methods. However, most studies have been laboratory data from 1969 through 1991. Follow-up data for limited by methodological problems including emphasizing all patients were obtained by using a computerized database case series rather than formal observational cohort or casecompiled by the total joint arthroplasty registry associated with control studies, a lack of explicit case or risk factor definitions, the Department of Orthopedic Surgery at the Mayo Clinic. This incomplete case ascertainment, selection biases, failure to acregistry is part of an ongoing prospective cohort study that count for differences in duration or completeness of followbegan in 1969 to investigate the complications and outcomes up, and insufficient statistical power [4, 8, 14 -18] .
of prosthetic joint implantation. Identification of patients at high risk for prosthetic joint All patients were followed up at regular intervals after arthroinfection would allow for improved preoperative risk assessplasty by examination, letter, or telephone contact. Minimum ment, increase the index of suspicion of health care providers follow-up was twice in the first postsurgical year and then for prosthetic joint infection in high-risk individuals, and idenevery 5 years thereafter. When follow-up examination at the tify patients for whom focused efforts at prevention are necesMayo Clinic was not possible, the patient completed a standardsary. Therefore, we performed a retrospective, matched caseized data collection form, and roentgenograms of the joint prosthesis were sent to the Mayo Clinic for review. By using this system, ú90% of this cohort has been followed up. 
Potential Risk Factors
Obesity Weight ú20% above ideal body weight [25] The medical records of case and controls were abstracted rank test for continuous variables were used to analyze the hypothesis that the odds ratio for each individual risk factor was significantly different than 1. Candidate variables for the multivariate model were variables with a P value of õ.15 effect variables and the matching variables were examined, as were interactions among the main effect variables. for which there were §20 discordant pairs among cases and controls.
After identifying the ''best'' main effect multivariate model, the bootstrap method was used to validate the model [36] . A multivariate analysis utilizing a stepwise method of model building was used along with the methods of forward and
Variables selected in §70% of the 600 bootstrap samples were retained. This method yielded a result identical to that of the backward selection to aid in model confirmation. All methods yielded the same model. Possible interactions between main multivariate model. and 188 (41%), ú2 years after prosthesis implantation. StaphyRheumatoid arthritis 90 (20) 68 (15) lococcus aureus was the most common pathogen followed by Fracture 50 (11) 36 (8) a polymicrobial etiology and coagulase-negative staphylococci.
Avascular necrosis 29 (6) 28 (6) Native joint septic arthritis 24 (5) 10 (2) The largest number of prostheses that any individual surgeon
Posttraumatic arthritis 16 (3) 17 (4) implanted in cases and controls was 39 (8.4%) and 43 (9.3%),
Congenital hip dysplasia 15 (3) 16 (3) respectively. Degenerative joint disease was the most common Joint location and gender were matched exactly between the two groups. The largest difference in age and date of prosthesis NOTE. Unless stated otherwise, data are no. (%) of patients with indicated characteristic. THA Å total hip arthroplasty; TKA Å total knee arthroplasty.
implantation between a case and a matched control was 6.6 * Reason for arthroplasty (based on historical, physical, radiological, and and 2 years, respectively. Controls were followed up for a intraoperative findings). median of 11.2 years (range, 0.05 -27.2 years) without the development of prosthetic joint infection.
4. Postoperative wound complications remained significant risk factors even after adjusting for the differences in the length of 
3%). toid arthritis (28), other inflammatory arthritides (3), chronic
An additional surgical procedure was performed during the obstructive pulmonary disease (2), renal transplant (1), CNS index hospitalization for 103 cases (22.3%) and 62 controls vasculitis (1), chronic relapsing neuropathy (1), and unknown (13.4%). These procedures were performed to treat postoperative (2). The median daily dosage of prednisone for the 63 cases wound complications (including surgical site infection, wound (85.1%) for whom data were available was 6 mg/d (range, 2.5 -drainage, wound hematoma, or wound dehiscence) in 29 cases 62 mg/d). The median daily dosage of prednisone for the 37 (28%) and one control (1.6%). Surgical procedures unrelated to controls (95%) 37 was 5 mg/d for whom data were available postoperative wound complications (such as total joint arthro-(range, 2 -20 mg/d). The median duration of therapy for the plasty on a joint other than the index joint), other musculoskeletal 72 cases (97.3%) for whom data were available was 104 weeks surgical procedures, and other surgical procedures were performed (range, 1 -1,560 weeks). The median duration of therapy for for 74 cases (72%) and 61 controls (98.4%). the 37 controls was 312 weeks (range, 4 -1,612 weeks).
Surgical site infections that did not involve the joint prostheMalignancy was diagnosed within 5 years of index arthrosis developed during the index hospitalization a median of 13 plasty for 33 cases (7.1%) ( anaerobes (1), and unknown (9). The microbiological etiologies carcinoid [1] , and ovarian [1] ). Ten cases had an underlying of the surgical site infections in four controls were as follows: primary joint tumor or metastasis before arthroplasty (metasta-S. aureus (2), polymicrobial (1), and coagulase-negative staphysis [5], osteosarcoma [3] , and giant-cell tumor [2] ), whereas lococci (1). Fourteen cases (24.1%) and none of the controls only two controls had an underlying joint tumor (chondrosarwith surgical site infections required surgical treatment. coma [1] and lymphoma [1] ). Fifteen cases (45.4%) and three controls (23.1%) for whom malignancy was diagnosed within Multivariate Analysis 5 years of arthroplasty were believed to have a malignancy at the time of index arthroplasty. None of the patients were A multiple logistic regression model indicated that the two neutropenic (absolute neutrophil count, õ500/mm 3 ) at the time best predictors of prosthetic joint infection in cases compared with controls were the development of a surgical site infection of arthroplasty.
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10-14-98 12:06:56 cida UC: CID NOTE. Unless stated otherwise, data are no. (%) with indicated risk factor. NNIS Å National Nosocomial Infections Surveillance; NS Å not significant. * Number of cases for whom risk factor data were available. † Number of controls for whom risk factor data were available. ‡ Primary or metastatic malignancy involving the site of the index arthroplasty. § Pneumonia, bloodstream infection, gastrointestinal infection, and other infections.
not involving the prosthesis (OR, 35.9; 95% CI, 8.3 -154.6) arthroplasty (table 5) . There were no significant interactions between the matched variables and the main effect variables and an NNIS System surgical patient risk index score of 1 (OR, 1.7; 95% CI, 1.2 -2.3) or 2 (OR, 3.9; 95% CI, 2.0 -7.5); or between any of the main effect variables that were significant in the multivariate model. other risk factors were a systemic malignancy and prior joint / 9c5b$$no30
10-14-98 12:06:56 cida UC: CID The absence of an association in prior studies may be due to 2 vs. are unrelated to neutropenia or steroid therapy and simply unknown factors associated with the malignancy itself [40] . The specific reasons for increased risk in patients with a malignancy require further elucidation.
Discussion
Surgical site infection not involving the prosthesis has previously been shown to be a significant risk factor for the develThis large case-control study defined four independent risk factors for prosthetic joint infection by multivariate analysis:
opment of prosthetic joint infection [16, 18, 41 -44] . In a carefully analyzed prospective study [18] , although multiple the development of a surgical site infection not involving the prosthesis, an NNIS System surgical patient risk index score indicators of poor wound healing were associated with an increased risk of joint infection in univariate analyses, only superof §1, a history of malignancy, or a history of prior total joint arthroplasty. Strengths of this study include strict definition of ficial wound infection (defined as erythema ú1 cm from the incision and an unhealed wound at discharge) were indepencases, controls, and potential risk factors as well as a study design that controlled for different clinical practices occurring dently associated with an increased risk of deep infection in multivariate analyses. Our study confirms these results with during the study period and differences in follow-up between cases and controls. Furthermore, to avoid reporting bias beuse of the CDC definition of superficial surgical site infection [31] . tween cases and controls, only the risk factors present before or during the index joint arthroplasty and subsequent hospital-A history of joint arthroplasty on the index joint has been consistently recognized as a risk factor for prosthetic joint ization were reviewed.
The NNIS System surgical patient risk index score for identiinfection in various retrospective cohort studies [17, 18, 43, 45] . In a review of 4,240 large joint arthroplasties followed up fying patients at high risk for postoperative surgical site infection has been shown to be a better predictor of surgical site for a mean of 2.5 to 3.5 years, patients undergoing revision arthroplasty were eight times more likely to have a prosthetic infection than individual components of the index [29, 30, 33, 34] . This index includes measurements of intrinsic patient risk joint infection than were patients with primary arthroplasty. Other investigators have found that the risk of prosthetic joint [37] , surgical wound classification, and duration of the operative procedure. The NNIS System surgical patient risk index infection increases with the number of previous joint arthroplasties [45] . It has been unclear from these studies whether consists of scoring each operation by adding the number of risk factors among these three measurements. One point is the increased risk of prosthetic joint infection in patients with prior total joint arthroplasties is due to an increased number of given if the American Society of Anesthesiologists' preoperative assessment score is 3, 4, or 5; another point is given if the comorbid conditions, a prolonged operating time, an increased number of blood transfusions, or a higher frequency of postopoperation time is ú3 hours for prosthetic joint arthroplasty, and a third point is given if the wound classification is 3 or 4 erative wound complications. In this study, prior joint arthroplasty on the index joint remained a significant risk factor even [33] . It is a modification of another index developed in the study on the efficacy of nosocomial infection control (SENIC) after accounting for these other variables (suggesting that other factors such as local tissue scarring or increased dead space [38, 39] .
For 5,696 patients undergoing THA or TKA at 44 centers, are possible etiologies). The increased risk of prosthetic joint infection in patients the NNIS System surgical patient risk index was effective in identifying patients at high risk for both superficial surgical with rheumatoid arthritis that was observed in the univariate analysis is consistent with previously reported findings [4, 8, site infection and prosthetic joint infection [33] . Prosthetic joint infection alone was not separately analyzed. In this study, an 14, 15, 18, 43, 46] . In a univariate analysis of 53 prosthetic joint infections that developed after 4,240 procedures followed NNIS System surgical patient risk index score of §1 was a / 9c5b$$no30 10-14- arthritis was 2.5-fold higher than that among patients with Effect of ultraclean air in operating rooms on deep sepsis in the joint degenerative joint disease. abnormalities associated with rheumatoid arthritis has remained 9. Grogan TJ, Dorey F, Rollins J, Amstutz HC. Deep sepsis following total unclear [46 -49] . In our study, rheumatoid arthritis was not a knee arthroplasty. Ten-year experience at the University of California at Los Angeles Medical Center. J Bone Joint Surg Am 1986; 68: significant risk factor for the development of prosthetic joint 226 -34. infection after adjustment for these other factors, which sug- There are at least two limitations to this study. It is possible
